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Assessing Blockchain Technology application for freight booking business: 
A case study from Technology Acceptance Model perspective
Abstract
Purpose
Blockchain technology adoption has been growing than even before in all industry verticals. This 
research aims to evaluate the use of Blockchain technology in improving the business efficiencies of 
the freight consolidation processes. Our research critically examine the challenges faced by a global 
shipping company that offer freight consolidation businesses and explore the use of Blockchain 
technology to enhance the competitiveness and sustainability of freight booking operations.
Design/methodology/approach
The research applies an Inductive case study approach by taking into consideration of an organisation 
involved adopting Blockchain as a technology to improve the efficiencies of the logistics frieght 
booking. As the case is explorative in nature, the research aim to unearth the complex blockchain 
adoption phenomenon in the industry as the technology is very nascent at present. The research is 
primarily grounded on Technology Acceptance Model (TAM) theory.   
Findings
The research finds that blockchain technology supports solving many issues and inefficiencies of 
global shipping operations but there are some barriers that they need to overcome. The research 
provides a framework and recommendations for global company to consider when considering 
Blockchain technology for implementation. Our research finding shows that smart contracts can be 
set up at critical points along with the shipment route namely the storage, customs, carrier, 
transporters and consignee stage to ensure greater security and transparency. 
Research limitations/implications
The research provides recommendations to key stakeholders involved in freight forwarding segment 
of logistics industry while adopting blockchain technology. Apart from the methodological limitation 
of the research, the research is limited to Singapore in terms of geographical coverage. 
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Originality/value
This case study is the first of its kind to examine the use of blockchain to explore the adoption in 
logistics Industry in Singapore and perhaps worldwide. 
Keywords: Freight consolidation, Global Supply Chain, Blockchain, Smart contract, Cargo 
consolidation, Technology Acceptance Model 
Paper type: Research paper
1.0 Introduction 
Blockchain technology adoption has been growing than even before in all industry verticals, however 
the rate of adoption is still nascent in its current stage. According to IBM (2017), the annual turnover 
of the international shipping industry is around $4 trillion with around 80% goods being transported 
by the ocean vessel. Most of the delivery activity such as shipment and delivery tracking, estimated 
time of delivery, seeking customer sign-off and from the port and custom officers’ notifications are 
all manual paper processes (Lambrou et al. 2019). Interestingly, the annual cost of global trade is 
around $1.8 trillion which includes saving of around 10% from some well managed global trade 
processes. According to Jensen et al. (2019), overall cost of the total trade in the international shipping 
industry has witnessed an increase in trend due to many challenges. In the year 2018, 13.5 trillion 
employees have been recruited in the shipping industry to handle $4 trillion value of goods (Liu et al. 
2018). With the increase in magnitude of cost of shipping, increasing the risks of the industry, 
reducing the number of incidents and consequently reducing costs are still relatively complicated and 
yet to be standardized in the shipping industry (Lessa and Bulut, 2020). It is evident that investing in 
such emerging technology would create competitive advantage in firm’s performance (Behl, 2020; 
Pandey et al. 2020)
1.1 Research Significance
In the modern shipping industry operations, there is a need to reduce the cost and time involved in 
shipping of goods along with reduction in paper work. With the implementation of new processes, 
the shipping industry can achieve seamless process efficiency and thereby reduction the cost and 
improving the performance outcome. According to Goldby (2019), once the supply chain barriers 
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reduces and the transportation process becomes transparent and digitalized, there will be around 15% 
rise in the overall trade which shall also result in economic development of trade services. On the 
other hand, Liner freight comprised of around 67% of the world trade in the recent past decade 
(Lambrou et al. 2019). Globally, shipping industry’s main goal is to reduce the time of delivery along 
with reducing the time taken for information pertaining to the container to reach the port and sail 
efficiently (Riley, 2017). 
As stated by Tirschwell (2018), the shipping business is highly fragmented and therefore hugely 
dependent on tradition-based paper work. Besides the legal contract on paper, a lot of data and 
information have been shared digitally by way of electronic data interchange (EDI), which seemed to 
be a 60-year-old technique. As a method of transition, White (2018) said that by setting up the API 
based technology system, there will be much more transparency and visibility to all the elements of 
the supply chain. While digitalization helps to reduce paper work and improve documentation that 
can enable parties across boundaries to share documents freely and quickly using the digital platform 
(Vogt and Paul, 2011; Jensen et al. (2019)). 
From there on, many issues also occur such as handling the paperwork, affirming cargo providence, 
ensuring cargo integrity and wasteful and costly processes. Though managers in the shipping industry 
expects more control on the cost and minimize the ill-effect of the process delay, the barrier to digital 
transformation and modern technology adoption seems to be ever-growing (Papathanasiou et al. 
(2020). While traditional manual tracking-based paper work results on inefficient control, scope of 
fraud and forgery along with failures and therefore can lead to many disputes, this can be achieved 
by adopting the digital transformation by means of blockchain integration (Queiroz and Wamba, 
2019)
1.2 Research Problem Statement
While selecting the right blockchain kit for adoption, there seems to be a confusion among the minds 
of shippers, carriers and other stakeholders existing in the shipping eco-system (Jensen et al. 2019). 
There are questions related to governance and scalability of blockchain tools, because digitalization 
of the industry exposes to the threat of cyber-crime and cyber thefts (Papathanasiou et al. 2020). 
Moreover, there are many apprehensions about privacy and security of data in digital environment as 
is being promised (Kamble et al. 2019). “Is Blockchain Technology better than paper based or 
electronic bill of lading, the question being raised by stakeholders often?” Which is still remain not 
researched sufficiently (Queiroz and Wamba, 2019; Kamble et al. 2019). 
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While, there are many issues related to removal of third parties and banks in minimising costs of 
transaction due to lesser needs of trust in blockchain which is relatively new technology 
(Papathanasiou et al. 2020). The use of Smart contracts as an alternative to current bill of lading and 
electronic bill of lading which can make payments immediately of fulfilment of conditions still needs 
to be understood by many stakeholders (Kamble et al. 2019). Blockchain at this stage is posing more 
questions than finding solutions to improve container transport in shipping industry. Therefore, this 
research is aimed to understand the current process in freight booking and consolidated industry and 
how smart contract and blockchain can significantly improving efficiencies in this industry. More 
specifically, the research is aimed to examine how a global cargo consolidation company, ECU 
Worldwide (ECU) plans to migrate their current process using Blockchain technology as a case study 
research.  
2. Literature review
2.1. Shipping Industry 
As the global trade gravity has shifted towards the emerging market, China has taken the gravity of 
global manufacturing in 2012 with about 22% of world manufacturing output were attracted in 
(Davies and Raskovic 2017). Likewise, India, Brazil and Russia drive the manufacturing and trade 
activities with other emerging economies and thereby enhance the level of trading of goods in the 
global market. These developments have shifted the world trade of goods including the shipping 
industry pattern (Clott et al. 2020). Thus, the ocean shipping industry became more prevalent mode 
of transportation by the ability to practically perform any trade all over the world. The international 
seaborne trade has gone up sharply over the last 40 years for not only dry cargo materials but also for 
bulk cargo, containerised products and other oil and gas commodities (Clott et al. 2020). Although 
there are seemingly no limits to the potential increase of any commodities with the seaborne trade, 
the increase in trade activities are phenomenal (Jensen et al., 2019). Figure 1 illustrates, the total 
cargoes transported by sea freight have increased continuously from only 2605 millions of tonnes in 
1970 to 10287 millions of tonnes in 2016 (UNCTAD 2017). Albeit shipping industry has its legacy, 
the fundamental trait of this industry remains the volatility associated with the trade as the demand 
and supply are hard to predict and therefore the face of uncertainty.
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Figure 1: Growth in international seaborne trade, selected years (1970-2016)
Source: UNCTAD (2017)
2.2 Role of Technology in the Shipping Industry
Because of globalization, the adoption of new technologies is necessary to catch up with speed of 
changes happening in the global market. The state-of-the-art technologies are implemented 
everywhere in every industry to make the work more efficient, faster and easier. According to 
Kavussanos and Visvikis (2006), shipping industry is the collection of many actors from different 
platforms which has a very complex supply network chain who are interacting each other directly and 
indirectly for processing the shipment work across the world. Many technological advances have 
been installed in the shipping industry so far. These days, Shippers can electronically send the export 
declaration to the Customs at the port of destination through the Automated Export System (AES). 
Earlier, Fylaktopoulos et al. (2016) made use of the cloud technology in the context of shipping 
industry to create a software service platform. By using this platform, the data analysis become easier 
and processing of activities help to reduce the limitations of transportation. In this space, Kouvelis 
and Li (2013) suggested an international freight forwarder system to control all the documentation 
processes. However, the aforementioned systems are limited to a particular industry situation and 
could not be scaled up due to their limitations (Tan et al. 2018). Over the last two decades, majority 
of risks causing the severity of cargo damage in container shipping has come from the licensed 
operators and the size of the ships. According to the study of Tseng et al. (2012)  “container data 
setting errors” is considered to be the top reason for the risk happen with the reefer container contains 
aquatic products. Hence, the challenges, as well as the risk in conducting the kind of business related 
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to the container, need to be identified soonest and all the related companies must aware of these risks 
in conjunction with their influence on the shipping operations.
2.3 Lack of Trust in Shipping Industry
Recent pandemic of COVID 19 has created enormous uncertainty in the face of logistics and supply 
chain network processes (Ivanov, 2020). In order to become more resilient in the modern supply chain 
delivery, ‘trust’ and ‘transparency’ place a dual role for business recovery (Mann, 2020). While 
examining the shipping industry, the trust between the importer and exporter lies in a lowest level 
during the shipment process (Banker, 2016). In reality, Importer tries to delay the payment as long as 
possible whereas the exporter tries to ask for the payment as early as possible. Both parties need 
money for the smooth processing of their operations and to avoid any kind of distractions. The level 
of trust is thus very weak between the importers and exporters (Chryssochoidis & Theoharakis, 2004). 
Having discussed, trade finance work in a way that the money has been paid by the exporter in a letter 
of credit (LoC) being issued and signed by all relevant parties (Sun et al. 2016). However, the current 
tools for trade finance are costly and rely heavily on the documentary proofs (Sun et al. 216). While 
transactions, collections of documents are transferred during the shipment process like bill of lading 
(B/L) which contains the information of about the goods and services. In the next step of the shipment 
process, the goods are unloaded by the shipping agents at the port premises, which is a risky task. 
Shipping process may get delayed because of this inconsistent delivery methods and the goods are 
being dumped in the garages for longer period (Anders and Jorgen, 2017). This activity adversely 
impacts on the quality and performance of shipping process and thereby creating problems between 
the stakeholder’s trust which further increases the complexity of supply chain management. Failure 
in retrieving reliable information on time, cost, the invisibility of goods in delivery management, 
emergence of major shipping bottlenecks, lack of work process in the inventory management system 
are some of the major factors which extend the transit time of the goods. In many of the shipping 
activities, hitherto, there is no proper digitalization of papers which leads to delay in transport of 
goods in the shipment domain (Riley, 2017). 
2.4 Information sharing in the shipping industry
In fact, one of the major concerns existing in the supply chain of port logistics management is the 
‘lack of information sharing’ of within and between the organizations (Razavi and Iverson, 2006). In 
order to overcome this issue, there is a need of trusted network systems which enable the individual 
information sharing with certain security norms. Information leakage is also a major issue associated 
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with the information processing in supply chain partners. The confidentiality of information should 
be properly evaluated and most of the companies need to make assurance in the information exchange 
among supply chain partners is highly confidential (Fei, 2011). This trust in the confidentiality of 
information increases the bonding between the partners in the shipping process. 
In assuring trust in the shipping industry activities, the role of trust among intermediaries such as 
freight consolidators are very important (Anders et al. 2017). They are getting profits in way along 
with ensuring the confidentiality of the information like certifying the goods quality and safety, and 
various measures for financing measures. Trusted intermediaries help to reduce the transportation 
cost and other processing charges, asymmetry in information exchange and different kinds of 
uncertainties with high degree of bargaining capability (Tan & Thai, 2014). There should be an ethical 
way of trust between all shipping parties which are essential for perceiving the relationship while 
sharing the information (Fei, 2011).  It could be argued that the relationship trust could be enhanced 
by having transparency and thereby the overall performance outcome could be enhanced (Anders et 
al., 2017). All the parties should be enabled by the solution to draft in electronic documents that are 
accepted internationally like electronic Bill of ladings (e-BoLs), invoices, and certificates of origin, 
warehouse warrants and other supporting documents that reflects the norms and standards of the wide 
industry (Anders et al. 2017). Due to the number of different parties’ involved activities such as 
heterogeneity in customs, terminal operators, cargo forwarders, manufacturers, banks involved in 
each transaction, neutrality needs to be ensured by the service provider to avoid any irreconcilable 
circumstances among the parties involved (Takahashi, 2016). 
2.5 Role of blockchain in freight consolidation
Blockchains are the distributed ledgers which stores makes a permanent and shared document for 
each transaction related to a particular asset and there by establishing an unbreakable trust among the 
parties (Brody, 2017).  Distributed ledger technology is an incorruptible and irrevocable collection of 
data enclosed, shared in an encrypted database (Wright, 2015). Thus, the blockchain is distributed 
ledger which can be audited and evaluated by anyone but cannot be changed by no one.  Application 
areas of blockchain technology are tracking of assets, monitoring of assets, processing and 
communication of long-term contracts (Wright, 2015). Blockchain can act as an interaction between 
the consenting parties without depending on a centralized organization like bank for managing the 
work process (Nakamoto, 2008). The creation of blockchain and Internet of Things (IoT) has brought 
back a new threshold for the shipping industry in terms of setting new standards and improving 
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operational performance, however the implementations are still very nascent in the current stage 
(Clott et al. 2020). 
The smart contract term has been introduced since 1994 by Nick Szabo and is defined as a 
computerized transaction protocol that will be performed when its terms and conditions are met 
(Christidis and Devetsikiotis, 2016). In technical terms, the smart contract contains the terms and 
conditions as the traditional contract has but it converts such terms into code and will be executed 
automatically. Despite being introduced more than 20 years ago, the utilization and dissemination of 
smart contract is only becoming popular recently, mainly because it accompanies with the advanced 
technology (Papathanasiou et al. 2020). Many research and studies have taken smart contract into 
account and come up with the conclusion that the smart contract is indeed a computer program set up 
to follow the conditions and will automatically validate and execute the conditions (Clott et al. 2020, 
Papathanasiou et al. 2020). The smart contract is written under the code that is the key of transaction 
and will be automatically enforced by another code (Badzar, 2016). However, Swan (2015) reiterated 
that the main characteristics of smart contract are autonomy, self-sufficiency and decentralization.
When the smart contract system aspects combined with blockchain, they create a transformative use 
of technological change in the shipping industry. Distributed ledger technology not only is used to 
record trigger events abut also to verify the smart contract’s execution (McLean and Deane-Johns, 
2016). Smart contract utilizes blockchain to execute obligations when certain conditions are met in 
the automatically and secure way (Levy, 2017). Since the blockchain technology includes data and 
computer code, it is more advantageous to implement smart contract because it can digitize 
procedures that depend largely on regulatory paperwork or need the amount of human administration. 
This combination mitigate the common risks happened by manual interventions (Guo and Liang 
2016; Weber et al. 2016). On the other hand, the smart contracts carry out specific actions when pre-
defined conditions are met. The automation characteristic of this system makes smart contract suitable 
for procedures in shipping industry in general by reducing the bureaucratic complexity and the 
intervention of human in any transaction.
Thus, the application of Blockchain technology with smart contract has the potential to transform and 
make freight booking more transparent in the same way the Internet changed in the past  (Koeppl and 
Kronick, 2017). It is therefore a research gap to investigate the adoption of this transformative 
technology as more businesses are supportive of the need to have a shared secured ledger that 
establishes accountability and transparency while streamlining their freight sourcing processes with 
the view of increasing their trade with other countries.
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2.6 Challenges in adopting Blockchain technology 
The jurisdictions around the world are not completely adopted or not yet accepted the blockchain 
system for the shipping industry (Lubowe and McDermott, 2016). The supply chain participants wish 
to use this kind of technology in trading and shipping services so that a universal adoption system 
should be achieved. For managing the efficiency of supply chain management system, data 
identification system plays a vital role in sharing the information among various supply chain 
networks of the world efficiently and accurately (Tan et al. 2018). 
Earlier, IBM wanted an effective system standard for enhancing their work process collaboration and 
interdependency in the supply chain networks (Silina, 2012). The needs of global standards are 
needed by most of the global companies and stakeholders but still there is a confusion regarding the 
confidentiality of data exchange.  However, carriers, port authorities and forwarders, are not having 
an appropriate back-end system to connect to the modern blockchain technology (Stake and Robert, 
2006). Further, the IBM and Maersk even built a Hyperledger fabric which is under experimental use 
between trading partners, government authorities and logistic companies to boost the efficiency of 
blockchain as a digitization solution in the commercial trade (Bavassano et al. 2020). 
However, there are potential challenges existing for this technology adoption in the shipping industry. 
It will take more than one entity in a supply chain to know the value in using blockchain when the 
adoption becomes seem-less with an end-to-end integration. 
The first challenges when applying blockchain not only in the shipping field but in any field is the 
unpredicted integration obstacles when inserting a new technology into the established supply chain 
systems (Mougayar, 2016). Blockchain is a complex process and need the cooperation of every party 
involved. Although a higher degree of decentralization of this technology for tracking shipments, 
argued that it concentrates power in a handful of entities (Popper and Lohr, 2017).
Secondly, the financial risk is obviously the top consideration in the shipping industry (Wang et al. 
2014). Applying blockchain in shipping context requires an increase in the role of the legal 
department expertise. It is imperative to have more experienced specialists in cryptocurrency space 
and other types of crypto assets which is the basic foundation of blockchain. Any company must be 
well-prepared about the blockchain literacy before embarking on this technology.
Thirdly, when participate in business in shipping industry, there are many parties from diverse 
countries involved. However, in some countries, there are seemingly limits to the potential use case 
from blockchain and not all countries are willing to take part in blockchain-based solutions. 
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Especially for partners who locate in developing or least developed countries where they are still not 
ready for blockchain adoption. But it is necessary to have their participation to optimize the full 
potential of blockchain in shipping industry (Kshetri 2018). 
Last but not least, the privacy leakage is among the most concern issue. Although many studies 
indicate that blockchain is safe in every aspect, some studies predict that blockchain still hard to 
entirely ensure the transactional privacy and create more opportunities for hackers.  A shared ledger 
system like blockchain can open a gate that may leak the user’s information (Barcelo 2007; Kshetri 
2018; Meiklejohn et al. 2016). The more technology is, the better security system is required. 
To approach these challenges thoroughly, it is necessary to fully understand the end-to-end adoption 
procedure of the shipping container industry. The above research gaps lead to the desirable motivation 
to conduct this research study. Therefore, this research study design is based on an explorative case 
study method as discussed in the proceeding section. 
3. Research Methodology
The main goal of this study was to examine how Blockchain technology can overcome current issues 
in global cargo freight booking. It is evident that a case study research investigates a contemporary 
phenomenon such as Blockchain in its real-life context (Yin, 2014), so that existing theories might 
be taken up to gain a first insight into the phenomenon under study. Case studies can be used for 
different purposes. Earlier, Yin (2014) distinguished three types of case studies: 
 An exploratory case study is aimed at defining the questions and hypotheses of a subsequent 
study (not necessarily a case study) or at determining the feasibility of the desired research 
procedure, 
 A descriptive case study presents a complete description of a phenomenon within its context, 
and
 An explanatory case study comprises data bearing on cause-effect relationships that 
explaining how events happened.  
In this research, we employ the second type of case studies method proposed by Yin (2014) and to 
focus on a global shipping company called, ECU in detail as there are not many such case studies 
available in the blockchain space at the time of our research. In the case study approach, Focus group 
interview is conducted with key country managers from ECU worldwide, by using semi-structure 
questionnaire in 2019 as depicted in Appendix A. The answers from each manager is compiled and 
sent to the senior management for verification and validation. The usage of evidences from several 
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sources are collected as a recommended best practice for logistics researches in complex areas that 
have not been substantially exploited (Stake, 2006). The analyses of these data help us to propose a 
conceptual framework that will answer the research question of “How can blockchain help to address 
the current inefficiencies faced in the freight consolidation businesses?”.
 
3.1 ECU Worldwide – Case study
Founded in 1987 at Belgium, ECU Worldwide (ECU) is a global leader in NVOCC services. The 
company has brought in several innovations in LCL (less than container load) and set several 
benchmarks in the industry over the last 2 decades.  Earlier, Allcargo Logistics Ltd., India’s largest 
integrated logistics solutions provider in private sector, acquired the company in 2006 which resulted 
in further efficiency of their operations. In May 2016, the company is rebranded as ECU Worldwide 
and consolidated their global presence by bringing all the offices under a single name to denote a 
well-knit offices and highly coordinated operations (ECU worldwide, 2020). 
As more countries are industrializing and manufacturing sectors are expanding their businesses, they 
would normally outsource their logistics requirements to be handled by third party logistics providers. 
Therefore, the expected demand to ship their cargoes were expected to grow, ECU Worldwide was 
experiencing an annual growth of 7 to 8 percent from 2010 onward.
Led by a centralized management team, it has employed more than 300 staffs worldwide and have 
offices in 160 countries, offering LCL (Less than Container Load) and FCL (Full Container Load) 
services across the globe.  The company provides wide variety of value- added services and logistics 
solutions have enable them in handling and transporting complex cargo for worldwide customers. 
The vision for the company is “To be the global leader in our business, through customer delight by 
innovations, agility and sustainable business model.”  And the company COO quoted that “ECU 
Worldwide had grown from a small SME to be one of reputable LCL providers in the world over last 
thirty years”. As a result of horizontal integration, ECU has evolved from LCL business, to also 
venture into related industry in the logistics area, such as transportation, warehousing and distribution. 
Presently, ECU head office is based in Mumbai, India but its online system can be accessible anyway 
in the world to provide booking and tracking services for their customers.  Over the years in the 
business, ECU has invested heavily on new technologies to upgrade their systems to meet the 
customers growing demands for better visibility and ease of doing business. 
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“We are glad to share that the entire network is on same Information Technology (IT) platform, 
which makes the operations more uniform and also offering customers similar experience in service 
across the world” as commented by the COO.  
3.1.1 Nature of the freight consolidation industry
Competition in this industry is extremely high and the business is quite fragmented serving two 
different markets, namely local forwarding companies and global forwarding companies such as 
DHL, Kuehne +Nagel, DB Schenkers, Maersk etc.,  Local forwarders focuses on helping their clients 
to obtain lowest possible freight rates (sometimes with rebates) and higher destination charges (DLC 
– destination lading charges), while the global forwarders have a balanced approach to keep the DLC 
lower, so that the consignees are not upset with any inconvenience caused.
However, LCL business modus operandi is quite different from the FCL business. While FCL 
operations and costing are determined based on the demand and supply, LCL business costing is 
subjected to the client’s requirement. For instance, if clients prefer to have lower ocean freight and 
higher destination charges, arrangement to be made to their needs.  Customers are looking for better 
shipment predictability and lower inventory holding costs which would expect ECU to extend their 
logistics services beyond freight consolidation. As a result, ECU has expanded its businesses to 
include warehousing and transportation services. 
ECU Worldwide has a fair share of business from both local forwarders and global forwarders. ECU 
Worldwide, with its close partnership with major shipping lines have a competitive advantage over 
the smaller operators coupled with their network strength (coverage, single identity), visibility and 
reliability. But they are faced with niche local operators, who can offer extremely low rates, given 
their low-cost operations.   
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Figure 2: Organization structure of ECU Worldwide in 2018 (Source: ECU)
3.2 Company Structure
ECU Worldwide had an organization structure as shown in Figure 2.  The COO of APAC region is 
based in Singapore and each country manager reports to the Regional Heads (South East Asia and 
North Asia). At the country level, ECU has branch managers, product managers (for FCL and LCL) 
and they have dotted line reporting to the regional product heads, which are responsible for strategies 
development and business development for their regions. The two main departments in a forwarding 
business are the import and export departments while other supporting functions such as Finance, 
Human Resource, Administration, and Information Technology help to ensure smooth operations.
3.2 Import Department
Import operations team is responsible for managing two products, which are LCL and FCL. For LCL 
operations, team has the following responsibility (see Appendix B).
1. Receiving the pre-alert documents of the expected consolidation container.
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2. Checking the document for correctness, and in case of any discrepancy, coordinate with the 
origin office to correct the documents timely to avoid any customs penalty and inconvenience 
to the customers at destinations.
3. Filing of customs manifest, either directly on the customs system or through a third party 
vendor.
4. Issuing Cargo arrival notices to the consignees, so that they can file the import declaration 
timely with the customs, for clearance of their goods.
5. Coordinating with the CFS and the carrier for collection of documents, cargo release and 
arrange delivery of the containers, and return empty container back to the carriers.
6. Invoicing the customers and closure of file, as per the internal KPI’s
The process for the FCL is similar to LCL import except that for FCL customers, they have the choice 
to receive the container at their factory premises to deliver and return empty container to the carrier 
yard once they have devanned the cargo contents.
3.3 Export Department
LCL Exports operations have more workload as compared with the imports.  For LCL export 
operations, team has the following responsibility (see Appendix C).
1. Preparing Export Tariff rate card and share with sales before updating into the system.
2. Creating Sailing schedule in the system, and share with customers on request.
3. Receiving bookings from customers, and depending on the date of cargo receiving date, 
assigning the shipment to a particular sailing date and provide the booking to customers 
accordingly.
4. Coordinating with the carrier and customer or customer appointed customs broker to
a. Follow up on booking confirmation
b. Confirm with CFS for cargo receipt.
c. Arrange container (equipment such as 20’ or 40’) based on the total volume, 
d. Place booking with carriers, 
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e. Coordinate with carrier for empty pick up from carrier yard.
f. Stuff the container and also ensuring that CFS has taken picture while loading the 
container to protect from any damages and to confirm that the cargo loaded in good 
condition at origin.
g. Submit manifest to local and overseas customs, and also to carrier to comply with the 
regulation.
h. Sending pre-alerts to overseas office and closing the file.
FCL export process is similar to LCL export process except that shipper has an option to load the 
container at their factory and send the loaded container straight to the port for vessel loading.
3.4 Accounting Department
Accounting Department in ECU has similar function as any other company.  They are responsible for 
accuracy of financial reporting and compliances as well as following up with customers for payment 
and also to ensure payment to vendors as per agreed credit terms.
Current challenges facing Freight consolidation industry
 Multiple shippers and multiple consignees sharing a single container – complete cargo 
information, documentations and filing requirements are needed to ensure smooth clearance at 
destination. If there are any issues with any shipment from this container, the whole container 
will be delayed and all other shipments will also be affected.
 Different ways of classifying cargoes namely, General Cargo and Dangerous Goods (DG) Cargo 
– different countries classified their cargoes differently and a lot of time are spent communicating 
between loading and discharge port on what can or cannot be handled in a single container. The 
carrier also needs to determine whether the DG can be loaded on the vessel or aircraft. 
 Cargoes come in different shapes and sizes – how to utilise the container space to achieve optimal 
storage since cargoes come in different sizes and heights.
 Changes in regulations in every origin, destination or within the shipping industry while aligning 
with the new rules in each country requires constant amendments to the shipping community.
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 Involvement of different parties in handling the cargo throughout the shipping process – no real-
time end to end visibility for different parties to update the status of the cargoes.
3.5 Assessing the potential of Blockchain Technology
During the brainstorming session with ECU managers to assess the potential of Blockchain to 
transform their businesses, the following ideas were captured for consideration:
 One of the core principles of blockchain is inclusiveness. As long as their supply chain partners 
can participate in the blockchain, the technology will enable all its partners to update the status of 
each shipment. The number of parties involved in the movement of a shipment should be 
considered as an opportunity rather than an impediment. Blockchain can thus help to simplify 
traditional processes and workflows in this industry.
 Blockchain technology can digitalize the relevant shipping documents and make transactions and 
processes more secure and transparent to the stakeholders.  This will reduce data entry by multiple 
parties and provide distributed ledger for all the parties related to a shipment. By allowing 
multiple parties to track a single transaction, blockchain can bringing in high accuracy, security 
and authenticity in validating transactions. Customers can now track their cargo with real time 
update and plan their production and sales cycle more effectively.  Examples of tracking activities 
includes: Recording the quantity and transfer of assets like pallets, trailers, containers to each 
country and tracking of SKU leading to better decision making.
3.6 Potential challenges for ECU to adopt Blockchain
During the brainstorming session, the following challenges were surfaced:
 ECU uses multiple vendors including Port terminal operators, customs, warehouse, truckers, 
back-office operators. For Blockchain to work well, every operator must update the status at every 
touch point for the entire shipment. Currently, ECU can initially implement Blockchain with their 
customer and slowly roll out to other operators in the value chain. The ultimate benefits can only 
be realized if the technology is adopted by all relevant stakeholders. 
 Data silos are the biggest roadblock in the logistics industry. Even though the industry is 
automating its processes, some of the processes are manual and unpredictable especially from 
customs, transporters and warehouses operators in underdeveloped countries. There seems to be 
need of change in mindset to reduce the reluctance in sharing data across organizations in order 
to bring more efficiency and transparency in using Blockchain.
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 ECU needs to recover the cost of implementing Blockchain in 3 to 5 years to be viable.  
Blockchain is still at adoption stage and players like Maersk or Walmart are still waiting to realize 
its full potential. Should they wait till it is matured?  
 Lack of motivation for the industry to adopt new technology.   With intense competition in this 
industry and customers demanding for lower freight costs, the motivation to adopt new 
technology with additional costs is least in their priority since there is considerable investment 
which each stakeholder needs to commit.
3.7 Proposed Blockchain for ECU Worldwide
Based on the key ability of Blockchain to set user permissions, existing literature identified four 
Blockchain typologies that determine whether the Blockchain is public or private and permissionless 
or permissioned (Pilkington, 2015; Morabito, 2017; Walport, 2016): 
 Public permissionless Blockchain: A network in which there are no restrictions on who can read, 
write and validate data on the Blockchain. These participants are not necessarily known or trusted. 
Examples include Bitcoin and Ethereum. 
 Public permissioned Blockchain: A network in which there are no restrictions on who can read or 
write data on the Blockchain. However, there are restrictions on who can participate in the 
consensus process. 
 Private permissionless Blockchain: A network in which there are restrictions on who can read and 
write data on the Blockchain. However, there are no restrictions on who can participate in the 
consensus process. 
 Private permissioned Blockchain: A network in which there are restrictions on who can read, 
write and validate data on the Blockchain. When these networks involve more than one 
organisation, the network is known as a Blockchain consortium. 
In order to promote transparency and integrity of the information, we proposed a decentralised system 
where the consensus mechanism is distributed across the entire network, such as in public 
permissionless or private permissionless blockchains to increase the shipment transparency.  There 
are three common consensus mechanisms (Morabito, 2017; Pilkington, 2015; Matilla, 2016; Baliga, 
2017) that ECU can consider for Blockchain: 
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 Proof-of-Work: As seen with Bitcoin and other permissionless Blockchain networks, the 
chain with the most historical validation is accepted as the valid ledger by solving 
mathematical hashing computation with CPU power. It provides strong immutability of record 
at the cost of high energy consumption. 
 Proof-of-Stake: With Proof-of-Stake, validators must attain ownership of a certain percentage 
of scarce tokens to become the dominant node in the permissioned or permissionless 
Blockchain network and determine the valid ledger. As an alternative to Proof-of-Work, 
Proof-of-Stake engages in mathematical hashing computation only in limited search space. 
As a result, transactions are processed faster (higher transaction per second or TPS) and the 
system is more energy efficient. 
 Practical Byzantine Fault Tolerance: This consensus mechanism is used with permissioned 
Blockchain networks, such as Hyperledger Fabric. This mechanism assumes that the group of 
participants is known, registered and verified within the Blockchain consortium. The 
underlying algorithm is designed to validate the ledger once a considerable amount of node 
responses is signed, eliminating the energy costs associated with hashing protocols. This 
consensus mechanism is typically supported by business networks. 
We recommend that the blockchain employs the consortium consensus mechanism or similar 
interoperable consensus mechanism to reduce the processing time and costs.  A conceptual 
framework is proposed by the authors using Blockchain technology with smart contract for ECU and 
their supply chain partners as shown in Figure 3.
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Factory Warehouse Transport Ocean Carrier     Transport Customer
Figure 3: Blockchain with smart contract for the shipping industry, Source: (Authors)
The purpose and the novelty of the framework is to capture relevant information directly from the 
source and record into the Blockchain. The proposed Blockchain will provide distributed ledgers as 
well as smart contracts to ensure the authentication and validity of information flow among the supply 
chain partners (Lu Qing and Xu Xiwei, 2017).  This framework would enable real time information 
of each shipment to be tracked along the supply chain.  The role of each actor in this consortium is as 
followed:
 Shippers: Prepare the shipment details and source for the carrier. 
 Carrier: Publish the freight rate for each vessel and their schedule.
 ECU: Match shipper requirement with carrier schedule
 Transport operator: Update the delivery status and proof of delivery.
 Warehouse operator: Prepare the delivery note for shipment
 Customs: Approve or reject the shipment for export or import. 
 Consignee: Update the delivery status upon receiving the shipments 
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4.0 Discussion and Findings
In this case study research, smart contracts are recommended to set up at critical points along the 
shipment route namely the storage, customs, carrier and transporters to validate the process. Smart 
contracts are computer programs or codes that automatically execute when predefined conditions are 
met and are designed to automate much of the contractual process without any central authority or 
human involvement.  Business rules such as Incoterms from ICC and payment terms such as Letter 
of Credit can also be coded using smart contract to automate the document verification process.  
The shippers first request shipment order to ECU worldwide and then ECU will search for suitable 
carrier based on the shipper delivery schedule. Once a match is found, ECU will confirm the carrier 
with the shippers before booking the storage space for the cargoes and upload the cargoes’ details 
into the Blockchain (the number of shipping bill, pick up point, weight, volume, packing deadline, 
etc.).  Using the booking information, the Blockchain will inform shipper to dispatch their cargoes to 
specific LCL warehouse for consolidation. The transporter will then update the delivery on the 
Blockchain and gets paid once the smart contract match the delivery confirmation from the carrier. 
Shipping details are updated by the carrier and the shipping manifest and airway bill or bill or lading 
will be updated into the Blockchain. Any discrepancies between the shipment amount between 
delivery note and the bill will be rejected by smart contract and the managers will be alerted for action 
or approval before the shipment can continue.  Similarly, the customs department will verify and 
approve the shipment before updating the Blockchain.  Lastly, the Blockchain will automatically 
settles all the freight bills on a monthly basis with each operator within the process to reduce 
paperwork.  
Smart contract can automate the payment methods such as Letter of Credit (LoC). It can eliminate 
the existing ineffectiveness manual LoC, abate the transaction cost and streamline business 
procedures. Once the exporter submits the necessary documents and update the Blockchain records, 
the LoC conditions are evaluated and verified by smart contract if they meet specified the agreed 
conditions and the whole process is automated to determine compliance or non-compliance for each 
case (Goyal and Varghese, 2017).   
To improve the trustworthiness of the system and the confidence that the right pieces of information 
are gathered by the consortium, there is a role for a neutral third party to certify, audit, and/or regulate 
participants. ECU can take up this role during implementation.  As there are many actors involved in 
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this consortium, it is recommended to start the implementation from the shipper and then move 
upstream.   As more shippers start to use the ECU platform to book for freight, these portal can partner 
with the upstream operators to provide end to end blockchain solutions for the freight community.
Currently, most blockchain networks operate independently from one another.  The biggest challenge 
to interoperability is the existence of many blockchain networks that differ in parameters such as 
consensus models, transaction schemes, and smart contract functionality (Qing and Xu, 2017).  To 
combat interoperability issues, there are several standardization efforts underway including the use 
of API.  One possibility is to use existing standards in new blockchain applications. For example, 
IBM and Microsoft are adopting the data standards developed by GS1 to enforce interoperability in 
their blockchain applications for supply chain.  Another option is to develop standards from scratch. 
For example, the Enterprise Ethereum Alliance developed a standard version of the Ethereum 
blockchain for businesses.   This structure would provide a full tracking capabilities from shipper to 
consignee for full traceability.  For example, ECU platform  can be connected to the Customs platform 
which may make use of different Blockchain technology.   Similarly, ECU platform can be connected 
to each carrier such as Maersk shipping line since they are large enough to build their own Blockchain 
platform for generating bill of lading, etc.   This will overcome the interoperability among various 
blockchain networks.
With the introduction of Blockchain, some of the challenges faced in ECU will be overcome as listed 
in Table 1 as follows. 
Table 1: Challenges faced by ECU and the use of Blockchain to overcome them
Challenges faced by ECU Worldwide Blockchain solutions
Multiple shippers and multiple consignees 
sharing a single container – complete cargo 
information, documentations and filing 
requirements are needed to ensure smooth 
clearance at destination.
Blockchain with distributed ledger capability 
will provide complete transparency with full 
documentation recorded from all the shippers 
and consignees for each container.  
Different ways of classifying cargoes 
namely, General Cargo and Dangerous 
Goods (DG) Cargo – different countries 
classified their cargoes differently and a lot 
Smart contract can be coded for each country to 
set the criteria for General Cargo and 
Dangerous Cargo classification.
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of time are spent communicating between 
loading and discharge port on what can or 
cannot be handled in a single container. 
Cargoes come in different shapes and sizes 
– how to utilise the container space to 
achieve optimal storage since cargoes come 
in different sizes and heights.
With complete cargo information from each 
shipper, the Blockchain can pass the 
information to a container optimization 
software to load each container.
Involvement of different parties in handling 
the cargo throughout the shipping process – 
no real-time end to end visibility for 
different parties to update the status of the 
cargoes.
Blockchain can provide end to end visibility of 
the cargo once each party update the cargo 
status.
Changes in regulations in every origin, 
destination or within the shipping industry 
Smart contract can be coded if there is any 
change to regulation in each country.
4.1 Implications with the new blockchain system for ECU and the shipping community
As the shipping industry involves the whole supply chain, this will ensure the needs of all the parties 
involved in this industry is fully understood from national and international perspective  (Kshetri 
2018). As small and medium size businesses will require time and significant investments to migrate 
to a blockchain system, one potential solution under discussion is for a shipping association to fund 
the blockchain infrastructure and provide a Cloud-based system that small businesses could subscribe 
to.  This will lower their barriers to adopt the Blockchain system and motivate more SMEs to sign up 
for the platform.
As data shared on blockchain is tamper-evident and accessible to those that have the right permission 
to see it, the consortium should consider what type of data should be on-chain, what data need to be 
accessed by whom, for how long and for what purpose, and what data should be limited to one-to-
one transactions. Although many studies and research shows that blockchain is safe in every aspect, 
some studies shows that blockchain is still hard to ensure complete privacy and create more 
opportunities for hackers.  A shared ledger system like blockchain can open a gate that may leak the 
user’s information (Barcelo, 2007; Kshetri, 2018). 
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Moreover, because blockchains are deemed immutable, correcting inaccurate or fraudulent data can 
be onerous. Any inaccurate data being input into the blockchain record would be highly costly for the 
whole supply chain. This is directly related to human error of which despite the accuracy of data and 
information flow, the logistics process is still vulnerable to human error which could cause an increase 
in rejection rates of process outcome.  This form of security risk is obviously the key consideration 
for the shipping industry (Pandey et. al. 2020; Wang et al. 2014) and thus requires the increase in 
legal department expertise to conduct due diligence.
Our proposed blockchain based system are crucial for stakeholders’ ability to reap the benefits of this 
transformation without risking a loss of information. Particularly those at the centre of the supply 
chain, such as carriers and ECU Worldwide, will see vast gains through digitization, whereas smaller 
entities further up and downstream need additional incentives to join (Akter et al. 2019). Reallocation 
of benefits might thus be necessary to contemplate when introducing a blockchain based system. Most 
importantly, our research finds that blockchain will have profound implications for authorities such 
as customs and the banks. The proposed solution would offer compelling advantages, which could 
streamline operations while making it more complex to conduct fraudulent commerce. When it comes 
to the ‘containerization’ of shipping documentation and a second revolution in maritime shipping, we 
argue that blockchain technology has the potential to transform the industry for advancing 
international trade in the 21st century.
5.0 Conclusion 
Blockchain technology has a great impact on the future of freighting and logistics industry. By 
creating immutable and decentralized ledgers in a peer-to-peer network which has risk of failure even 
in single point is the main recommended feature of blockchain technology. Primary advantage of this 
feature is that the information shared in the Blockchain is high secured and it can be accessed to 
multiple participants. Shared information is cannot be hacked or modified by anyone. Transparency 
and security are the two important milestones of lifecycle of transactions within the blockchain 
network. 
5.1 Practical contributions
The authors have recommended the use of blockchain technology with smart contract which will 
overcome some of the challenges facing ECU Worldwide today.  The new system is able to provide 
end to end visibility of the cargoes with full transparency for their supply chain partners. Blockchain 
technology effectively resolves these challenges with highly secured peer-to-peer network.  Through 
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blockchain network, ECU Worldwide customers can rely on a more transparent and secured trading 
system globally with the potential to enforce Incoterms using smart contract.    
5.2 Theoretical contributions
The study highlights the following theoretical contributions. Firstly, the theoretical grounding of this 
research is based on Technology Acceptance Model (TAM) proposed by Davis (1989), Davis et al. 
(1989) and Davis (1993). Because adoption of blockchain technology is depend upon factors such as 
perceived ease-of-use, firm’s preparedness, subjective norms, level of awareness, perceived 
usefulness and attitude towards actual system usage (Ryoo and Koo, 2013). Early adoption of 
technologies has barriers from different firm perspectives (de Souza et al. 2011) however when such 
technologies are rightly planned with the framework and architecture behind, major technological 
adoption barriers could be eliminated (Sundarakani et al. 2012). In that perspective, the second major 
theoretical contribution of this research revolves around the proposed theoretical framework 
contribution of blockchain adoption for private and public firms in logistics industry. 
5.3 Limitations and future research
Future researches can further exploit the shipping industry by developing end to end Blockchain 
system for exporting and importing global process using smart contract with machine learning 
capability. While there are numerous researches being conducted in machine learning for the shipping 
industry, there are few researchers that attempt to examine how machine learning can interface with 
smart contract so that the business rules can be set dynamically as the behaviour changes overtime. 
Since there are high shipping transactions globally, machine learning can learn from the buying 
behaviour and change some of these rules dynamically to achieve higher profitability.
This research paves the way for further extension and studies in broader scale with a particular 
explanation in each specific tasks of shipping process. Moreover, the future research can conduct a 
deeper research on design principles so as to examine under which conditions adoption would be 
favoured. Another point also needs to be mentioned in the future research is the operation staff and 
engineering of this adoption. Since this framework requires more parties and the complicated 
combination of blockchain, IoT, and smart contract, it is perplexing to scale up this system. Thus, 
future research can investigate into how the operational staff and engineers can cooperate with each 
other to enhance the stability of the system.
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Appendix A- Questions prepared for Focus Group Discussion with ECU country managers
1. Identify challenges of shipping complex cargo especially LCL cargo. What can be sources of 
competitive advantage for ECU over your competitors. How can this be achieved thru what is 
described in question 2-5 below.
2. What is customer delight in LCL/FCL business- how is it linked to innovation, agility and 
business model? 
3. What different would it make to transform the import and export processes using blockchain 
technology?
4. How can Accounts, HR, Marketing support blockchain system if any? 
5. Any plan to implement or to delay in in using blockchain technology? What are the uncertainties 
that concern you in using blockchain today?
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Appendix B - Import LCL Process, Source: Authors
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Appendix C- Export LCL Process,  Source: Authors
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